Abstract: This study was designed as a case study. Participants were 12 senior pre-service science teachers (PSTs), who took theoretical and practical courses about STEM education and socio-scientific issues (SSIs) during their education at a state university. For the study, in the first 4 weeks, theoretical courses on SSIs and STEM education were carried out. Afterwards, PSTs were asked to choose a SSI and configure this issue as a problem statement to perform a STEM activity. Participants were given a total of 3 weeks to determine the issue and prepare the STEM activity, and the researchers of the study gave systematic feedback during this period. Then, starting from the fifth week of the study, groups started to implement their STEM activities in the class, where their peers were assigned as their students. The activity plans they prepare, the field notes taken by the researchers during the implementation of the activities and the semi-structured interviews about the opinions of the PSTs on the use of SSI in STEM education were the data sources of the study. Findings revealed that PSTs found establishing STEM problem situations over SSIs suitable since they provide features such as conformity to real life, having multiple criteria and providing compatibility with other disciplines. Moreover, after their practices, they pointed out that the activities enabled both the teaching of the SSI and the integrated teaching to be carried out. As a conclusion, it is recommended to use socio-scientific problem situations to perform STEM education.
Introduction
In STEM education, learners face with problem situations that are related to their past experiences and are compatible with the social and cultural environment they live in and with the work of professionals in real life, and that have at least two components of STEM disciplines and have multiple solutions; and a holistic and meaningful learning is expected as they probe solutions to the problems (Bozkurt Altan, 2017) . By this way, it is aimed to contribute to the development of career awareness, interest in STEM field, and the development of the 21st Century Skills. Researchers claim that STEM education contributes to the development of the 21st century skills. Critical thinking and reasoning, creative and innovative thinking, decision-making, communication and collaboration skills, leadership and entrepreneurship, and information literacy can be expressed as a few of these skills (International Society for Technology in Education [ISTE] In the related literature, the importance of establishing an appropriate problem situation that will start the learning process in STEM education is frequently emphasized (Breiner, Harkness, Johnson & Koehler, 2012; Bybee, 2010; Chiu, Price & Ovrahim, 2015; Harrel, 2010 ; NAE [National Academy of Engineering] & NRC [National Research Council], 2009; NRC, 2012; Sanders, 2009) . In most studies, engineering-design problems are taken to be an appropriate context for STEM education. In these approaches, which are structured around an engineering problem and use the engineering design process, engineering problems represent an important context to combine the disciplines of science, technology and mathematics (Hmelo, Holton & Kolodner, 2000; Mehalik, Doppelt & Schunn, 2008; Moore, Stohlmann, Wang, Tank & Roehrig, 2014; Sadler, Coyle & Schwartz, 2000) . In addition, practices structured on the problem situations that are harmonious with the social-cultural environment that students live in and that can be solved through interdisciplinary collaboration, are represented as appropriate problem situations for STEM education, as well (Asghar, Ellington, Rice, Johnson & Prime, 2012; Chen, 2007; Lou, Shih, Diez & Tseng, 2011; Tsai, 2007) . This study is based on the use of socioscientific issues (SSIs) as appropriate problem situation contexts that overlap with the objectives of STEM education.
SSIs are complex, open-ended, mostly controversial, and socially important daily life scientific issues without definite answers (Topcu, 2010) . They are meaningful and important in social life (Eastwood et al., 2012) . Examples of SSIs include renewable energy sources, nuclear energy, genetically modified organisms (GMOs) and global warming, which are closely concerning the societies in the century we are living in (Fleming, 1986; Zeidler, Walker, Ackett & Simmons, 2002) . In this sense, by giving place to SSIs in science education, it is frequently aimed to improve students' ability to make decisions, analyze, synthesize and evaluate (Zeidler, 2001) . Nevertheless, many science educators, who emphasized the importance of teaching SSIs, pointed out that these issues should be included in science classes (Driver, Newton & Osborne, 2000; Kolstø, 2001; Zeidler, 1984) .
SSIs, concerning all the individuals in a society, can be considered as important contexts for STEM education as they are interdisciplinary in structure (including STEM disciplines) and as they include science content knowledge and comply with real life experiences in terms of socio-cultural content. While students are attempting to make decisions by reasoning about the SSIs that are structured as problem situations, they employ the embedded STEM disciplines in these problems. Khan (2015) responds to the frequently asked questions about engineering design problem like "what are the needs or expectations?", "what can we make compromises from?" as SSIs allow for debate and reasoning and thus overlap with the aims of STEM education. Problems handled in the context of SSIs and STEM education reflect the real life. The involvement of SSIs in STEM education contributes not only to the awareness of the existence of different disciplines within the SSIs but also raise individuals' awareness about social issues (Zouda, Halwany, Milanovic & Bencze, 2017) . Similarly, drawing attention to the fact that STEM education should be handled within the framework of the SSIs and reasoning, Zeidler (2016) points out that STEM researchers should consider these issues. As researchers noted, discussing SSIs on the axis of STEM education, and planning, implementing and evaluating some instructional practices may provide important findings for the use of SSIs to achieve STEM education, the latest of interdisciplinary learning approaches. Indeed, when the studies addressing the characteristics of SSIs (Eastwood, Sadler, Zeidler, Lewis, Amiri, & Applebaum, 2012; Fleming, 1986; Topcu, 2010; Zeidler, Walker, Ackett & Simmons, 2002; Zeidler, 2001 ) and the nature of the STEM education (Asghar, et al. 2007; Breiner, et al. 2007; Bybee, 2010; Moore, et al. 2014 ) are addressed, it seems worthwhile to investigate the use of SSIs as appropriate contexts for STEM education.
Methodology

Aim of the Study
In this study, it was aimed to determine pre-service science teachers' (PSTs') evaluations of the use of SSIs in STEM education.
Participants and Data Collection
Based on the qualitative research paradigm, this study is designed as a case study. Marshall and Rossman (2006) note that case studies are used in the evaluation of a program or in an in-depth and detailed description of a phenomenon. Yin (2009) examines case studies under four patterns in respect to the case and its units of analysis. In this study, PSTs' evaluations of the use of SSIs in STEM education were taken as a whole. Therefore, the research was planned as a holistic single case study.
Participants were 12 senior PSTs at a state university and were selected purposefully. They were purposefully selected because the aim of the study requires a study group who had theoretical and practical experiences on STEM education and SSIs. During their education, the PSTs took several science courses (physics, chemistry, biology and mathematics) together with the courses that meet the content and objectives of the science curriculum. The PSTs took an elective course with a total of 28 hours on SSIs and their instruction, and two other courses with a total of 84 hours on theoretical and practical STEM education.
The research was carried out in an elective course. During the first 4 weeks of the 14-week period, theoretical lectures on SSIs and STEM education were given. During the theoretical lectures, presentations about STEM and SSIs were done for the purpose of revisiting these issues that the PSTs were already informed about. In relation to the SSIs, topics like (i) what makes a topic socio-scientific? (ii) SSIs and daily life, and (iii) sample practices related to the SSIs, were addressed. In terms of STEM, on the other hand, (i) STEM disciplines and future, (ii) the importance of STEM education, and (iii) examination of STEM activities, were covered. Finally, SSIs as a context for STEM education were discussed. The PSTs were then asked to choose a socio-scientific issue and configure this issue as a problem statement to perform a STEM activity. They worked in groups of 2-3 people and a total of 5 groups were formed. The PSTs worked in groups during the practice. The groups were given a total of 3 weeks to determine the issue and prepare the STEM activity, and the researchers of the study gave systematic feedback during this period. STEM education starts with a problem statement. The problem should be appropriate for the environment that the students are living in, should bear multiple solutions, should be related to the past experiences, and should provide a problematic situation where at least one of the disciplines of technology, engineering and mathematics can be integrated. Finally, the activities should be conducted as group works. In this direction, the PSTs were asked to structure the problem situation on a SSI. Starting from the fifth week of the study, groups started to implement their STEM activities in the class, where their peers were assigned as their students. After the activities, PSTs' evaluations of the activities were taken. The question "How do you evaluate the activity? Explain in detail." was directed to the PSTs and each PST evaluated the process in written form. In addition, researchers of the study observed all activities and took field notes. After all of the activities were carried out, PSTs' opinions about the use of SSIs in STEM education were taken. Face-to-face interviews were held with each PST and detailed views were provided on the use of SSIs in STEM education. Thereby, interviews with PSTs, field notes of researchers and activity plans prepared by PSTs constituted the data sources of this study.
Data Analysis
The field notes taken by the researchers and the opinions of the pre-service teachers were analyzed through content analysis, while descriptive analysis and constant comparative method (Strauss & Corbin, 1994) were conducted in the analysis of the activity plans. The coding scheme, developed by Ercan (2015) , based on the work of other researches (Bowers, 2015; Stearns, Morgan, Capraro, & Capraro, 2012; Stohlmann, Moore, & Roehrig, 2012) , was used as a descriptive partial analysis framework for the evaluation of STEM lesson plans (See Table 1 ). The coding scheme consists of the dimensions of content, approach, measurement and evaluation. While the lesson plans were analyzed based on the coding scheme suggested by Ercan (2016) , two more codes related to the problem situation were added to the content category in the analysis process, which is in line with the nature of the continuous comparative analysis technique. A sample coding scheme used in the analysis of the content dimension of lesson plans is presented in Table 1 . Science ad another independent discipline (sci&ind=1)
Another discipline integrated with science (sci&dep=1)
Science and other independent disciplines (sci&ind >1)
Other disciplines integrated with science (sci&dep >1)
Only science learning goals are taken into account.
In addition to science, learning goals are taken into account for another STEM discipline, but interdisciplinary links are not mentioned, disciplines are addressed separately.
In addition to science, learning goals are taken into account for another STEM discipline and links between knowledge and practices of disciplines are mentioned.
In addition to science, learning goals are taken into account for other STEM disciplines, but interdisciplinary links are not mentioned, disciplines are addressed separately.
In addition to science, learning goals are taken into account for other STEM disciplines and links between knowledge and practices of disciplines are mentioned. Solutions to the problem Problem situation involving multiple solutions Problem situation involving a single solution Problem situation includes multiple solutions to reflect the multi-criteria decision-making process.
The problem involves only a correct solution.
Daily life context of the problem
Problem is appropriate to daily life.
Problem is not appropriate to daily life.
Problem is compatible with the life context of the target.
Problem is not compatible with the life context of the target.
The activity plans of each group were evaluated separately by two different researchers according to the partial framework. Reliability was calculated with the help of the formula proposed by Miles and Huberman (1994) : (Reliability = [Total Number of Agreements ÷ (Total Number of Agreements + Disagreements)] x 100) and 96% consistency was found among the researchers.
Findings
Findings related to the activity plans are given in Table 2 . As can be seen in Table 2 , in the STEM activity plans that they prepared based on socio-scientific problem situations, PSTs integrated science content with other disciplines. Moreover, it was also observed that the problems had more than one solution and their contexts were appropriate to real life. PSTs planned socio-scientific problem situations for STEM education in the context of problem based learning practices. In addition, measurement and evaluation were planned in all activity plans, and they included an integration of the content disciplines, rather than a single discipline.
One of the problem situations prepared by the PSTs is as follows:
"Before entering the sectarian wars, Syria itself had economies that could respond to their needs and the needs of the people in the economic direction. Because of the war that took place in 2008, the country has suffered from depreciation in every aspect of life, and many people -young or old -either left their homes or became martyrs. Syria, trying to get over the odds of war, is looking for ways to get back to old welfare and happy days. Therefore, in the meeting with the ministers, Syrian President Dilbirin expressed his desire about the happiness and welfare of Syria again. He expressed the necessity of using GMOs to the ministers." (PST4) "You are a member of an expert group of officials in the Ministry of Food and Agriculture and the Ministry of Health. You are asked to do a detailed work on this subject and decide on GMOs." (PST6)
In the activity that starts with the problem statement above, a scaled drawing of the landscape is presented and students are expected to make an agricultural design for this place by selecting appropriate seeds and plants. Questions like "what are GMOs?" "Are they useful or harmful?" are asked. Examination of the tables/graphs on the comparison of the production costs and productivity of GMO products and non GMO products and the development of mathematical models; investigation of short-and long-term damages of GMO products to human health and ecosystem; and investigation of alternative solutions for the cultivation of agricultural fields were performed.
PSTs' opinions about creating problem situations for STEM activities through SSIs were examined and all PSTs (f = 12) indicated that SSIs provide a suitable basis for the development of problem situations for STEM education. In addition, PSTs pointed out that, SSIs not only provide basis for but also provide convenience for the development of STEM activities due to some features. The features that PSTs mentioned are grouped under 3 categories and are given in Table 3 . PSTs were given systematic feedback as they planned their STEM activities and during these feedback dialogues, it was observed that due to the fact that SSIs are naturally from our lives, structuring a problem situation around them is easy. These feedbacks were recorded by the researchers as field notes. PSTs were able to integrate mathematics more easily than other disciplines in their activity plans. In some SSIs (like nuclear power and GMOs), however, it was found that engineering was easier to work with.
Each STEM activity plan that PSTs developed (GMOs, nuclear power, cloning, hydro-electric power) was studied in the class. In this process, PSTs participated in the activities of each group as students. All of the PSTs (f = 12) mentioned that they found the activities suitable for STEM education. Their evaluations of the activities are given in Table 4 . PSTs evaluated the activities as contributing to the development of 21st century skills. Decision making (f=11), critical thinking (f=10), reasoning (f =10), problem solving (f=10), and ethical reasoning (f = 9) were the skills they mentioned.
Tablo 4. PSTs evaluations of the activity plans based on SSIs
Category
Some sample views are as follows:
"While reading resources about STEM education and in the activities we have done before, the most important thing was to contribute to the necessary skills required in the 21st century. I think the socioscientific issues in these interdisciplinary activities develop the ability of decision making. In making a decision, it also allows us to make comments and inquiries from the ethical point of view, either positive or negative." (PST3)
"The initiative problem situation for STEM education in the activities was indeed in real life. For example, the nuclear issue was exactly a problem in the environment we live in. We realized that we were trying to solve the problem while trying to find solutions with different disciplines…" (PST7)
As can be seen from the statements, the PSTs believed that the STEM activities they constructed on SSIs contributed to the development of the 21st century skills. They also rated activities as contributing to learning by indicating that they were interesting (f = 12) and suitable to daily life (f = 12). Some sample views are as follows: Findings from field notes showed that PSTs participated in the activities actively. In deed, it was observed that some PSTs (i.e., PST4 and PST9) who usually showed less participation to the courses, actively participated in all activities. This situation appeared in the field notes as follows:
"PST4 and PST9 were two less active students that I know from the courses I have previously taught. During these activities, they surprisingly worked actively and posed a sharing and leader position in their own groups."
While strolling among the groups, it was observed that the PSTs made group discussions among themselves. It was also found that the PSTs tried to address the positive or negative ideas they held and reflect their inquiry processes in their discussions. It can be argued that the implementation processes developed the tasks of reasoning, decision making and problem solving. The findings obtained from the field notes support their evaluations of SSI based STEM activities, as well.
Discussion and Conclusion
Participants of this study, who attended to theoretical and practical courses on STEM education and developed, implemented and participated in the STEM activities where SSIs are used as problem situations, rated the use of SSIs in STEM education as suitable since they are suitable to real life, have more than one solution due to their nature and can easily integrate with other STEM disciplines besides science. Moreover, it was observed that the activity plans developed by the PSTs were suitable both for the teaching of the SSIs and the realization of the STEM education. Two of the activity plans developed by the PSTs integrated science, mathematics and engineering disciplines, while three integrated science and mathematics. The problem situations presented in the activity plans were constructed in a structure that suits the socio-cultural context of the students and provided multiple solutions.
PSTs had knowledge about the theoretical background of STEM education. They also participated in sample applications. The PSTs had the theoretical knowledge about the SSIs, as well. However, they did not previously practice STEM activities in the context of the socio-scientific problem situations. Their existing background was possibly effective in planning and implementing STEM activities based on SSIs. And, it was observed that the lesson plans they developed were appropriate for the nature of STEM education. Indeed, when the studies dealing with the characteristics of the SSIs are examined (Eastwood et al., 2012; Fleming, 1986; Topcu, 2010; Zeidler, Walker, Ackett & Simmons, 2002; Zeidler, 2001) , it is thought that they can provide contexts suitable for realizing STEM education.
During the study context of this study, PSTs found the opportunity to realize the activities they prepared in the classroom. They thought that the activities had the ability to develop many skills like decision making, reasoning, critical thinking, problem solving and ethical reasoning. They also considered the activities as motivating because they were interesting and were related to everyday life. Due to their nature, SSIs, require the decision-making skills to be employed (Bell & Lederman, 2003) . Similarly, the need for multiple solutions to the problem situations in STEM activities and the need for choosing the best solution suggests that decision making skills are widely used in these activities (Fila & Purzer, 2013; Purzer, Moore, Baker & Berland, 2014) . In socio-scientific decision-making processes, it is frequently emphasized to consider sustainable development, and to understand the risks that interact with values, the benefit-cost analyzes and the values and moral judgments (Ratcliff & Grace, 2003) . Khan (2015) points out the importance of ethics in STEM education. The PSTs were in agreement with the literature that the activities they planned developed ethical reasoning. This finding also indicates that the PSTs could evaluate structuring STEM activities on the basis of SSIs in an appropriate manner with the related literature.
Zeidler (2016) emphasizes the importance of structuring STEM education in accordance with the socio-cultural context, and taking this understanding into account from the framework of the reasoning of SSIs. The fact that PSTs indicated skills like critical thinking, reasoning and decision-making, demonstrates that this finding is compatible with the expectations in the literature about SSIs as STEM contexts. The related literature and the findings obtained from the PSTs in this study indicate that SSIs provide basis for the realization of integrated teaching. Indeed, the fact that in their activity plans the PSTs integrated science with other disciplines and the activities included multi-criteria decision making processes, is a remarkable indicator that the SSIs will create appropriate contexts for STEM education (Khan, 2015; Zeidler, 2016; Zouda, et al. 2017 ).
In conclusion, it can be said that socio-scientific problem situations can be used to perform STEM activities. In this study, PSTs planned problem-based STEM activities where they took socio-scientific issues as problem situations. In this research, the skills that are thought to be developed through the related activities were revealed in terms of the opinions of the PSTs. It may be advisable for researchers to plan SSI based STEM activities for the students at different grade levels and to investigate the skills they will develop.
